Background: Providing insight into the developmental processes involved in building interventions is an important way to ensure methodological transparency and inform future research efforts. The objective of this study was to describe the development of a web portal designed to improve health literacy skills among the public. Methods: The web portal was tailored to address three key barriers to obtaining information, using the conceptual frameworks of shared decision-making and evidence-based practice and based on explicit criteria for selecting the content and form of the intervention. Results: The web portal targeted the general public and took the form of structured sets of tools. Content included: an introduction to research methods, help on how to find evidence-based health information efficiently based on the steps of evidence-based practice, an introduction to critical appraisal, information about patient participation rights in decision-making, and a decision aid for consultations. Conclusions: The web portal was designed in a systematic and transparent way and address key barriers to obtaining and acting upon reliable health information. The web portal provides open access to the tools and can be used independently by health care users, or during consultations with health professionals.
Introduction
Basing health care on the best available evidence is an international priority.
1 Evidence-based practice 'requires that decisions about health care are based on the best available, current, valid and relevant evidence. These decisions should be made by those receiving care, informed by the tacit and explicit knowledge of those providing care, within the context of available resources'.
1
The involvement of users of health care (hereafter referred to as users) in health decisions about their own health care is central to evidence-based practice and is widely acknowledged.
1-3 In the shared decision-making, model users and health professionals decide together in partnership in which information, responsibility and accountability are mutually shared. 4 This shift from paternalism is argued to be the result of several factors, including political forces advocating health care user's autonomy, technological advancements making health information widely available, and the acknowledgement that user involvement is important for health outcomes and sustainable health care.
4-6
However, effective participation is not only dependent on the right to involvement, but also on access to reliable health information and the ability to obtain such information. 5, 7 Evidence suggests that much of the health information available is incomplete, biased or not evidence-based. 8, 9 This is particularly of concern considering that many users have been found to have inadequate health literacy skills. 10, 11 Such health literacy skills are described as the knowledge and skills that enable users to obtain, understand and act upon health information, and as the desired outcome of health education by the World Health Organization. 3, 6 In a systematic review of the relationship between health literacy and health carried out by Berkman et al., 10 the evidence evaluated showed that low health literacy levels are associated with poorer health, increased hospitalisations and health care service use, incorrect drug use, low responsiveness to health education and a low uptake of disease prevention services. Furthermore, health literacy has been found to be a stronger predictor of health status than of the relationship between health literacy and health, the evidence evaluated showed that low health literacy levels are associated with poorer health, increased hospitalisations and healthcare service use, incorrect drug use, low responsiveness to health education and a low uptake of disease prevention services (including vaccinations). Furthermore, health literacy has been found to be a stronger predictor of health status than age, income, employment status, education level and ethnicity. 7 Consequently, there is a need to prioritise interventions that facilitate health literacy competencies and enable the public to obtain and evaluate such information.
5, 7, 12 Quality improvement initiatives in health services research can be challenging and complex in nature and may include many points of intervention. 13 Grol et al. 13 argue that it would be unrealistic to expect that one simple improvement measure is adequate to solve all targeted problems. Instead, they reason that these challenges are often best addressed using complex interventions in which several factors are targeted and multiple intervention strategies are used. 13 Significantly, the development of interventions is often poorly reported in research. Providing insight into how these steps were undertaken and which methods were used provides greater methodological transparency. It can also help to inform the efforts of other researchers and developers. [14] [15] [16] In this paper, we describe the development of a complex intervention -a Norwegian web portal -intended to improve health literacy skills among the public and the ability of users to obtain reliable health information.
Methods
There is no universally optimal way of developing complex interventions, but explorative approaches are encouraged that are also systematic and transparent. 13, 17 Despite the methodological uncertainties associated with such interventions, some guiding rules have been advanced. 17, 18 A complex intervention often includes several steps or stages (which may not necessarily occur in a linear sequence), in Van Boekhoven et al.' model, which inspired our work, these steps include problem analysis, designing the intervention, piloting and feasibility testing, implementation and evaluations (see Figure 1) . 17, 18 The development of our complex intervention included all of these steps. Decisions related to the content and main focus of our intervention, as well as about which specific health literacy skills to target, were informed by qualitative interviews including members of the general public exploring decision-making and beliefs associated with obtaining health information, and a questionnaire where we explored important predictors associated with intention to search. The results of these studies have been previously published. [19] [20] [21] Supplementing these studies, we also conducted explorative searches in Medline for studies describing barriers and facilitators to obtaining health information related to health literacy, using the following terms: (public or patient or consumer) and (information or Internet or mass media) and (health behaviour or search or attitude or decision or participation). We also looked through reference lists of relevant studies and searched for studies similar to these. We also scrutinised studies that had referenced these studies.
However, the focus of this paper is on the development phase. Essential to the development phase is analysing the problem and identifying important barriers to -and facilitators of -change, so that these can be specifically targeted. 13, 17, 18 Analysing the problem Identifying the target population. Although the prevalence of inadequate health literacy skills has been found to be higher in certain groups such as among the elderly, people with chronic conditions and lower socioeconomic groups; healthy literacy is found to be generally low across populations. 10, 11 Consequently, health literacy is considered a public health issue, 3, 6 and the target audience of our intervention was therefore the general public.
Operationalisation of health literacy. Our overall goal when initiating this project was to develop an intervention with the potential to improve users' health literacy skills related to their ability to obtain health information within the conceptual framework of health literacy. What health literacy skills really entail has been defined in many different ways. Figure 2 ).
Identifying barriers to users ability to obtaining health information. Theoretical and empirical research has suggested that interventions should be developed to address the most important barriers to -and facilitators of -change. 17, 18, [24] [25] [26] The underlying assumption is that this will improve the effectiveness of an intervention. 17, 18, [24] [25] [26] Identifying important barriers to change may entail reviewing the evidence base and conducting qualitative and quantitative explorative studies involving representatives of the target group. 13, 17, 18 The results of such explorative research, in turn, help to inform decisions about intervention content and delivery in a feedback process often referred to as 'tailoring the intervention'. 18 Following the process of interviews and literature review, we identified three key barriers related to obtaining information related to specific health literacy skills and potential targets for intervention. These are briefly described below Barrier 1: Inability to understand and critically appraise health information: We found that the inability to understand and critically appraise health information is a key barrier to obtaining information. 19, 20 In particular, research on decisionmaking about prevention and treatment strategies (including vaccination, mammography screening and smoking) indicates that users' understanding of medical and health-related research is poor and that many find it difficult to interpret concepts such as randomisation, risk, uncertainty, causality and applicability. [27] [28] [29] [30] [31] [32] [33] [34] [35] Similarly, many users rely on information that is based on personal anecdotes and experience as opposed to information that is based on research and may overrate the trustworthiness of such information. 30, 36, 37 Many do not check the accuracy of the health information they find, and those that do use criteria such as: the appearance, presentation of content, funding, currency and perceived reliability of the publisher. 30, [36] [37] [38] Barrier 2: Inability to exchange information in consultations: A second major barrier to obtaining information is the inability of users and providers to exchange information important for decisionmaking during consultations. 19, 21 Consultations should, ideally, be an arena in which appropriate health information is exchanged. But studies have shown that users often want more information than they are actually given by health care providers, and that they may not obtain information that is important for decision-making. 19, [40] [41] [42] Barrier 3: Inability to find reliable and relevant information: The third major barrier to obtaining information we identified is the inability of users to obtain information independently -in other words, the inability of users to know where and how to find reliable and relevant information. 19, 20 Being able to obtain information independently is important for effective participation in decisionmaking and for users to be able to make healthy choices. Users are often overwhelmed and frustrated by the vast amount of information available to them and unsure about whom or what they can trust. 43, 44 Furthermore, evidence-based information is not readily available to the public, 8, [45] [46] [47] and the way in which users search for health information can also be haphazard. Many use online search engines, such as Google or Yahoo, 37, 44 or rely on family and friends, discussion forums and general news sites, 48, 49 which may potentially provide information of poor scientific quality. 9, [45] [46] [47] Our web portal was therefore tailored to address these three key barriers to obtaining information. Below, we describe the strategies we used to address them and the decisions we made.
Designing the intervention: selecting methods and strategies
Tailoring an intervention in order to address the identified barriers can be done either by choosing an evidence-based intervention delivery that addresses identified barriers and facilitators or by tailoring the characteristics of a chosen intervention. 17, 18, 24, 25 When developing our intervention, we did both. The choice of methods and strategies was also done by considering actual practical barriers and opportunities affecting implementation, including time and financial budgets and the availability of human resources.
18,25
Choice of intervention delivery. Our decision to use a web portal as to deliver the intervention was informed by evidence suggesting that web-based or computer-based interventions may be particularly effective for improving knowledge and behavioural change. 7,50-54 Such strategies, often referred to as patient health informatics, may include decision support, promotion of healthy behaviours and the facilitation of information exchange and self-care. 52 According to Murray et al., 52 the benefits of such applications relative to more traditional methods of promoting health education include the opportunity to: contain large and accessible volumes of information, update the information centrally, tailor the information to meet the needs of the user and present information in different video, audio and graphic formats. Furthermore, web-based interventions also allow users to take greater control over the information-gathering process at their own time and pace, thus resulting in high levels of user satisfaction. 7 These ways of intervention delivery appear to benefit also those with poor health literacy. 53 Finally, a webbased intervention also has the potential to reach a wide public at little cost.
The web design software we chose for the web portal met recommended accessibility standards. 55 When presenting the portal content, we aimed to comply with the standards recommended by Health On the Net Foundation's 'Code of Conduct for Medical and Health Web Sites (HONcode)'. 56 Central to this code for health-related websites is the following concerns: that the authority of the information provided should be made explicit, that data confidentiality and privacy should be respected, that there should be proper attribution of sources, that financial sponsorship should be stated explicitly and that advertising should be clearly separated from editorial content (if applicable). 56 The presentation of the portal content was further informed by research showing that the use of mixed media, real-life examples, plain language and the provision of information in small and 'digestible' quantities are effective and preferred educational strategies by users. 7, 41, 54, 57, 58 Tailoring the intervention: choice of content. We used the conceptual frameworks of shared decision-making and evidence-based practice to determine how the portal content was selected and presented. 1,4, 59 In practice, this meant that our web portal was intended to encourage users to take an active role in decision-making. We also intended to highlight the importance of that decisions should be informed by the best available, current, valid and relevant evidence, together with the users' own values and preferences. 1 Furthermore, in accordance with the principles of shared decision-making and evidence-based practice, we included content that should facilitate skills and not adherence to any specific regime. Although the purpose of the web portal was educational, a key objective was also to develop an access point to practical tools and evidence. Thus, we decided to create a web portal of tools containing educational content instead of, for example, providing online courses. Users looking for information and answers related to health decisions, we reasoned, would be unlikely to be interested in completing online courses to access such detail. Based on discussions in our group, we decided on three facilitators or -tool-sets -to address each of the main barriers to obtaining information.
Toolset 1: Improving critical appraisal skills: To address the inability of users to understand and critically appraise health information, we decided that the web portal should provide a general introduction to research methods and explain concepts central to informed decision-making.
5,59-64 Moreover, we wished to include a tool that would enable users to critically appraise health information. To this end, we searched for a tool that could address key aspects related to the quality of health information, including validity, currency, attribution and disclosures of interest. 65, 66 We also aimed to offer a generic tool that could be applied to different types of health information (regardless of diagnosis or health issue) and sources. This would ensure that the tool could be applied to information found across different contexts such as, for example, the Internet, printed news, pharmacies, patient organisations or healthcare providers. We also sought to provide a tool that had been evaluated for construct validity and interobserver reliability. Although previous efforts aimed to improve users' understanding of research and critical appraisal skills are few, and that this evidence is limited, it is suggested that such education may be feasible, perceived as useful by the users and may improve confidence and knowledge. [67] [68] [69] The use of checklists provides the user with a systematic tool, and the use of such instruments by users has been found to produce similar ratings as those of professionals and may help users in their selection of health information. 70 Because the web portal was intended to be generic and target health literacy skills, we excluded diagnosis-specific tools, tools providing expert evaluations or support, or those that required the comparison of information with practice guidelines, systematic reviews or other scientific literature. We performed systematic literature searches using MEDLINE, Embase and the Cochrane Methodology Register to identify tools, such as checklists, teaching materials and software. In addition, we searched for tools online using Google (see Table 1 for a list of our search strategies). Two researchers reviewed all the search results independently. All descriptions of health information evaluation tools were retrieved. The lead researcher then categorised the findings and selected the tool best-suited to the web portal. A second researcher then reviewed these judgements. 
Toolset 2: Enabling exchange of health information: To address the second key barrier to obtaining information, namely the inability of users and providers to obtain adequate information during consultations, we decided that the web portal should include basic information about patients' rights to participate in decision-making and what decisionmaking about treatment or screening options entails.
2,59-61,71 Furthermore, checklists and decision aids as adjuncts to verbal communication may be effective tools and may help to reduce decisional conflict and improve the ability of users to recall information, as well as improving their sense of control, knowledge retention, sense of involvement and satisfaction. 7, 72 We therefore developed a search strategy and conducted a systematic search to identify generic checklists and decision aids that could be used in relations with consultations to facilitate information exchange and participation in decision-making. The results of this search were reviewed using the same process as described above (see also Table 1 for the search strategies used). All tools that were described as a decision aid or a checklist for consultations were retrieved. Diagnosis-specific tools were excluded. The final checklist selection was undertaken using the International Patient Decision Aid Standards (IPDAS), which specifies that decision aids should provide information about condition of the users and the options available, help to users clarify their values and help them to share their values with their health provider and others. 73 Moreover, decision aids should not make actual recommendations or replace the counselling of a professional; instead, they should be used as tools to assist in the making of decisions that matches the user's values in collaboration with their health care provider. 73 Toolset 3: Improved access to reliable researchbased sources of health information: To address the third key barrier to obtaining information, namely the challenge that users face as a result of not knowing where to find reliable and relevant information, the web portal aimed to improve access to reliable sources of health information. It should be noted that this barrier partly overlaps with the first barrier since knowledge about research methodology necessarily impacts user assessments about whether information is reliable, valid and relevant. Rather than simply reporting conclusions or expert interpretations, we aimed to give direct access on the web portal to research evidence to a selection of medicaland health-related research databases. The following key criteria for selecting databases were used:
• The information provided had to be based on empirical evidence (and not, e.g. on expert opinion)
• The links provided should reflect an 'information pyramid' including not only different study types, but also different levels of synthesis (e.g. primary studies, systematic reviews and decision support resources such as synopses and summaries) 74 • The sites should provide access to summarised information using explicit and systematic criteria
• All the resources had to be freely available to the Norwegian public In keeping with the general principle of providing 'digestible' quantities of information to users, we decided to limit the number of sources provided on the web portal. The final selection of databases was discussed by members of the research team using the criteria listed above. This section was built around the steps of evidencebased practice, 1,59 providing the users with a path through the identification of relevant research.
Quality assurance. For quality assurance purposes, the project protocol, details related to the development process and the final completed web portal were presented to an advisory group for peer review and professional feedback. The advisory group included four researchers from different disciplines and fields of expertise, including evidence-based practice, research dissemination, general medicine, nursing, social linguistics and public health.
Results
The web portal was developed in compliance with the HONcode standards highlighted above. 56 The web portal was made available online at www. sunnskepsis.no, and all content was made freely available and intended for use by the general public. We used plain language, and the provision of information was made in small and 'digestible' quantities. We illustrated the content using mixed media and examples mentioned in the news and in user stories. Furthermore, we presented content using an active voice and encouraging users explicitly to adopt an active role in decision-making. We also emphasised that decisions about health care should be informed by the best available, current, valid and relevant evidence. 1 We presented the content in an easily accessible and structured way organised around the three sets of tools 'improving critical skills', 'enabling exchange of health information' and 'improved access to reliable research-based sources of health information' as points of departure (see Figure 3) . In this way, users have the option of quickly locating the tool or information they need, such as, for example, help to find information on how to prevent the common cold. This approach does not force users to view the information in a certain specific or prescriptive way when accessing the portal, tools or databases, and allows them to choose what they want to read and when. Results toolset 1: Improving critical appraisal skills. The web portal gives an introduction to medical-and health-related research methods and the basic principles of science across the three main tool-sets as small pieces of plain language text (see Figure 4) . The web portal addresses key concepts including randomisation, risk, uncertainty, causality and the difference between experience-based and research-based information. We also included information about research ethics, participation in research, and the validity and applicability of research findings using practical examples. [59] [60] [61] [62] [63] Only one critical appraisal tool met all our inclusion criteria, namely the tool developed by the DISCERN project (run jointly by the University of Oxford Division of Public Health and Primary Health Care, the Help for Health Trust and the Buckinghamshire Health Authority in the United Kingdom). This tool was developed for both health users and health professionals and has been evaluated positively for construct validity and interobserver reliability. 70 The tool helps to evaluate the trustworthiness of all types of health treatment information. 70 We included a Norwegian version of the tool translated and produced by the National Information Center for Complementary and Alternative Medicine, Norway (NIFAB), and we included this both as a printable checklist and as an interactive tool. 75 
Results toolset 2: Enabling exchange of health information in relation to consultations
The web portal included descriptions about decision-making related to treatment and screening, and the principle of weighing benefits against harms. [59] [60] [61] 71 The portal also included content on user participation decision-making rights.
2
We identified two decision aids that met the criteria for inclusion on the web portal. 61, 76 One, developed by Irwig, 61 was selected because the tool does not demand a lot of effort from the user, while providing important items essential for informed decision-making about treatment or screening. This decision aid was translated into Norwegian and adapted with permission for use on the web portal. Because the decision aid did not include items related to user health conditions/diagnosis, it was further supplemented using IPDASI criteria. 73 Results toolset 3: Improved access to reliable sources of health information
In order to ensure that the web portal provided improved access to reliable sources of health information, we developed a third section to facilitate direct access to research-based information via selected databases (see Table 2 ). This section was built around the steps of evidence-based practice.
1, 59 Here, we provided a short description of each database, search tips and details on how to assess the applicability of information. In this section, we also described the basic designs of medical-and health-related research methods, and links were given to different types of questions as well as databases that could provide users with useful and relevant answers to each question type. 59 We described different levels of synthesis of research explaining, for example, what systematic reviews and single studies are.
59,74
The barriers we identified and the strategies we chose, touch upon specific domains of health literacy. Figure 5 gives an overview of the components of the intervention and corresponding health literacy domains. 
Discussion

Study limitations and methodological issues
The web portal we developed had limitations as well as appreciable strengths. Decisions about how to tailor an intervention depend on judgements about available resources, as well as judgements about barriers to effectiveness and the strategies needed to overcome them. 17, 18 A Cochrane review found that tailored interventions to improve professional practice improved processes of care and patient outcomes, but there was insufficient evidence to determine the most effective approaches to tailoring, including how to identify barriers and how to select interventions to address identified barriers. 26 Thus, although tailored interventions are more likely to be effective, important barriers (and facilitators) may be missed or not addressed appropriately. These concerns may also have affected the tailoring of our web portal. But adopting an explicit conceptual and methodological approach when developing interventions 17 can provide insight into the tailoring process itself as well as the content and intended intervention mechanisms. This, in turn, is important for reproducibility and helps to inform the efforts of other researchers and developers within the field.
17
Health literacy research and initiatives facilitating user involvement and informed decisionmaking are currently attracting great interest. Our intervention contributes to this body of research and include elements across all four domains by Zarcadoolas et al. 5 To our knowledge, the web portal we developed is the first of its kind in Norway to provide insight into these domains of health literacy. Internationally, resources similar to the web portal described in this paper have been developed and evaluated. Examples include 'Testing treatments' (www.testingtreatments.org), which focuses on science literacy and evaluating the effects of treatments, and 'What are your chances' (www.whatareyourchances.com), which focuses on numeracy and how to understand risk.
Will an online resource be available to all?
Health information is popular and many actively search for such information. 44, 48, 49 In addition to users' next of kin and health professionals, Internet is considered an important source for such information by users. 44, 48, 49 Studies indicate that Internet as a tool for intervention delivery has the potential to reduce inequalities and be widely available to the public at low cost. 7 However, it should be noted that younger and more advantaged groups are often able to access and use new Internet information technologies more readily, and such a 'digital divide' may offset the advantages noted above. 7 However, much suggests that this divide is diminishing. In Norway, for example, the Internet coverage is very high: 93% of people, for instance, were estimated to have used the Internet during the last 3 months of 2010. 77 Similarly,
Internet use for those older than 65 years was 63%, and use among those with only primary level education was 81%. 77 Despite this, Internet-based interventions may not be universally appropriate or available to all. It is therefore important to emphasise that the web portal we created is not intended as an alternative to the role of health professionals in providing health information, but should instead be seen as a supplementary user tool. The portal intervention may also prove to be useful to health professionals themselves, who may choose to use or reference it in their discussions with users. As a systematic review of computer-based approaches to user education has shown, such interventions may support communication between users and providers. 53 Moreover, through improved knowledge and access to the included tools, the web portal may also potentially stimulate participation in health decision-making outside the context of professional consultations.
Conclusion
In this paper, we have described the development of a web portal developed to improve specific domains of health literacy skills of the public and the consequent ability of users to obtain and act upon reliable health information. By describing the steps we took and the decisions we made, we hope to inform other researchers and developers.
Our web portal provides open access to tools included and was intended to be used independently by users as well as during consultations with health professionals. The web portal is a unique resource for patients and healthy people who are interested in health information or want to know more about medical-and health-related research. Furthermore, the web portal may be of relevance also to health professionals and other health educators working to improve health literacy skills, but also for those who develop patient information who may use the web portal to check the reliability of their own material.
